Abstract. The apparent contradiction between small-scale source regions of, and large-scale coronal response to, coronal mass ejections (CMEs) has been a long-standing puzzle. For some, CMEs are considered to be inherently large-scale events -eruptions in which a number of flux systems participate in an unspecified manner, while others consider magnetic reconnection in special global topologies to be responsible for the large-scale response of the lower corona to CME events. Some of these ideas may indeed be correct in specific cases. However, what is the key element which makes CMEs large-scale? Observations show that the extent of the coronal disturbance matches the angular width of the CME -an important clue, which does not feature strongly in any of the above suggestions. We review observational evidence for the large-scale nature of CME source regions and find them lacking. Then we compare different ideas regarding how CMEs evolve to become large-scale. The large-scale magnetic topology plays an important role in this process. There is amounting evidence, however, that the key process is magnetic reconnection between the CME and other magnetic structures. We outline a CME evolution model, which is able to account for all the key observational signatures of large-scale CMEs and presents a clear picture how large portions of the Sun become constituents of the CME. In this model reconnection is driven by the expansion of the CME core resulting from an over-pressure relative to the pressure in the CME's surroundings. This implies that the extent of the lower coronal signatures match the final angular width of the CME.
Introduction
The apparent contradiction between small-scale source regions of, and large-scale coronal response to, coronal mass ejections (CMEs; cf. Fig. 1 ) has been highlighted by Klimchuk (2001) 
: "Coronagraph observations suggest that the horizontal scale of the opened field can be many times greater than that of the reconnection arcade and this may be difficult to reconcile with the geometry of the [existing] model[s]."
High-quality data (principally SOHO) coupled with some new ideas have brought us closer to solving this puzzle. In this work we outline and compare different (and controversial) approaches. One side suggest that CMEs are inherently large-scale events, so that their energy supply, initiation and final angular width all originate from a large-scale region, i.e. being large-scale is their nature (e.g. Zhang et al., 2007; Wang et al., 2007; Zhukov and Veselovsky, 2007) . The other side consider that CMEs start small-scale and then evolve to become large-scale events. Thus CMEs may become large-scale even in the low corona due to interaction between the expanding magnetic structure of the CME and other low-coronal magnetic structures (e.g. Maia et al., 1999; Pohjolainen et al., 2001; Bemporad et al., 2005; Attrill et al., 2007a; Mandrini et al., 2007; . In this case, CMEs become large-scale by nurture -they are not large-scale by nature.
The paper is organised as follows: in Sect. 2 we make an overview of large-scale low-coronal signatures of CME, whose extent we link to the angular width of the CME. In Sect. 3 we discuss arguments for the inherently large-scale nature of CME source regions. In Sect. 4 we show some examples how CMEs can evolve to become large-scale in the low corona. In Sect. 5 we discuss what determines the angular width of CMEs and outline the consequences of magnetic interaction between the expanding CME and surrounding magnetic structures. We present our conclusions in Sect. 6. 2 Large-scale low coronal signatures of CMEs 2.1 Summary of the large-scale low coronal CME signatures
Besides activity seen in the core source region of CMEs e.g. filament eruption, flare loop arcade, and X-ray/EUV double dimming (for a review see Hudson and Cliver, 2001) there are many different large-scale low coronal signatures (mainly seen in EUV and soft X-rays) associated with CMEs, including: (i) Wide-spread coronal dimming (Hansen et al., 1974; Hudson et al., 1996; Thompson et al., 2000a; Attrill et al., 2007a,b; Zhukov and Veselovsky, 2007; Mandrini et al., 2007) .
(ii) Wide-spread activity of non-thermal radio emission (Tang and Moore, 1982; Maia et al., 1999; Pohjolainen et al., 2001 Pohjolainen et al., , 2005 Pick et al., 2006; Wen et al., 2006) (iii) Disappearance of large-scale loops (including TransEquatorial Loops (TELs); (Delannée and Aulanier, 1999; Khan and Hudson, 2000; Pohjolainen et al., 2001) ).
(iv) Coronal (EIT) wave (Moses et al., 1997; .
(v) Stationary brightenings distant to the flaring region (Delannée, 2000; Delannée et al., 2007) .
(vi) Disturbances along coronal hole boundaries (Hudson et al., 1996; Attrill et al., 2006; Veronig et al., 2006; Harra et al., 2007a) . Fig. 1) . Showing how the spatial extent of dimming in the low corona approximately matches the angular width of the CME. The SOHO/EIT image is a base difference image, i.e. a preevent image was subtracted from it.
The above signatures do not all necessarily appear in one given event and they mainly accompany CMEs with large final angular width. There is one important clue, which envelops all the above signatures, first noticed by Webb et al. (1997) and Thompson et al. (2000a) , namely that the total extent of the lower-coronal disturbances (i-vi) match the angular width of the CME (which is best seen in CMEs erupting from close to the solar limb; see e.g. Fig. 2 ). This observation should be kept in mind when one considers possible solutions to the problem.
Wide-spread coronal dimming
We rely on on-disc observations of the corona to give information about the formative stages of a CME since coronagraph observations are restricted to off-limb only. The manifestation of dimmings (depletions in intensity of coronal plasma) are widely acknowledged to occur in the corona in association with CMEs (Hansen et al., 1974; Hudson et al., 1995 Hudson et al., , 1997 . Dimmings can, a priori, be due to temperature effects Chertok and Grechnev, 2003) . However, since the dimmings appear simultaneously at the same spatial location, in a broad range of wavelengths (EUV, soft X-rays -see e.g. Zarro et al., 1999) and temperatures, they primarily appear to be due to density depletion rather than being a temperature effect. Indeed this interpretation is consistent with an evacuation of plasma (Hudson et al., 1996) upon eruption of the local magnetic field. Work Maia et al. (1999) on 6 November 1997 CME event showing that the angular width of the CME is comparable to the spatial extent of the radio emission (i.e. the bright regions on the solar disc and over the west limb).
by Harra and Sterling (2001) directly supports this interpretation. Their analysis of SOHO/CDS (Coronal Diagnostic Spectrometer) data showed blue-shifted mass motion in coronal dimming regions, consistent with the interpretation that dimming is indeed due to plasma evacuation. Recently, Hinode/EIS has confirmed this outflow from dimming regions . Harrison and Lyons (2000) found that such dimming is mainly caused by a loss of plasma at a temperature ≈10 6 K.
An example of radio observations on the limb
Radio observations are very sensitive indicators of sites of non-thermal electron acceleration in the solar corona, therefore they can show the extent of lower coronal disturbance in a CME. The extent of radio continuum emission has been observed to match the angular extent of the departing CME on 6 November 1997 (Fig. 3 , Maia et al., 1999) . The authors note that the sites of radio emission are located in regions of interaction between the CME source region and adjacent loop structures, corresponding to electron acceleration sites distinct from the flaring region.
2.4 An example of radio observations on the disc -linking dimming and radio emission For CMEs which are initiated close to the disc centre, it is difficult to estimate the true angular width of the CME, however, details of the large-scale lower coronal signatures can be investigated. An example is shown in Fig. 4 . The 236 MHz radio emission appears just before the dimming is observed in EIT data (Pohjolainen et al., 2001 uated, most plausibly by the magnetic field being "opened" (i.e. being extended upward to scales much larger than the gravitational scale height of the corona ≈100 Mm). Is the 236 MHz emission a signature of the beginning of this "opening" process? How exactly does the field "open up", i.e. how does it become part of the CME over such a large area as evidenced by the dimming footprint and non-thermal radio emission? We discuss this question further in the following two sections.
3 Are CME source regions large-scale?
One of the possible solutions to the contradiction between small-scale source-region and large-scale CME is to consider that the source region of a CME extends well beyond the initiation site, frequently marked by a (two-ribbon) flare. This view would make CMEs large-scale by nature. This view is endorsed by Wang et al. (2007) and Zhang et al. (2007) , who write: "CME source regions must include the large-scale extent of a CME (spanning up to 100−140 • on the disc), not just the initiation site." and "A single active region with its flare activity may not be capable of producing a CME with large angular width." Zhukov and Veselovsky (2007) also argue for the nonlocal nature of the CME mechanism when stating: "We can only speculate about subphotospheric drivers and the accumulation of free energy in the solar atmosphere that may be The breakout model involves the large-scale magnetic environment in CME initiation, but neither the CME width is defined by the large-scale field nor it leads to wide-spread dimming (Antiochos et al., 1999). involved in the global CME initiation and development. They may be related to global electric currents and circuits connecting solar interior and corona."
Are CMEs inherently large-scale events -eruptions in which a number of flux systems participate in an unspecified manner or are they linked through the solar interior? argue that quasi-simultaneous flux emergence in the large complex of activity related to the CME/flare-prolific period of October-November 2003 supports the idea of sub-photospheric link. They find the same sign of helicity in the three major ARs of the complex and a filament channel which thread through them, linking them all. They suggest: "The instability of the large-scale flux system, and/or its interaction with other magnetic systems, may be the origin of the prolific CME initiation." Zhang et al. (2007) invoke the breakout model (Antiochos et al., 1999) as evidence for the non-local nature of CME initiation. In the breakout model the large-scale quadrupolar topology is essential for the CME initiation mechanism. However, the erupting field is still bipolar and localized in the core source region. Thus the breakout mechanism does not produce the characteristic large-scale coronal signatures of a CME (see Sect. 2.1) nor can it be invoked as an evidence for the intrinsically large-scale nature of CME source regions. This is because the external field lines in the quadrupolar configuration (after reconnection with the expanding core field) will close down forming two lobes on both sides of the core field (Fig. 5) . As a result of the reconnection, these external field lines form shorter loops and therefore they may brighten, but little or no dimming appears: the plasma trapped in these shorter loops will become more, and not less, dense -see e.g. the careful study of a slowly erupting quietsun filament by Sterling and Moore (2004) .
It is noteworthy that most of the observational evidence of the breakout model was found in so-called "lateral breakout" configurations within complex ARs (Aulanier et al., 2000; Gary and Moore, 2004; Harra et al., 2005; Williams et al., 2005) , with no significant involvement of large-scale external magnetic fields (though for an exception see Sterling and Moore, 2004) . On the other hand, in the lateral break-out the large-scale upper arcade could be de-stabilised and therefore can plausibly lead to an increase of the spatial extent of instability. Therefore we rather consider it as a model supporting the view that CMEs become large-scale and will discuss it in more detail in Sect. 4.4.
How can CMEs become large-scale in the low corona?
Since CMEs are magnetic structures and the solar magnetic field is ubiquitous, there is a good chance that the expanding CME structure will meet overlying loops forcing them to expand ("opening" them). Magnetic reconnection may also be part of the interaction process, since it is probable that the field lines of the CME and those of the overlying loops are non-parallel (the extreme case being when the magnetic fields are anti-parallel).
Interaction with overlying and trans-equatorial loops
The "giant arches" discovered byŠvestka et al. (1982) in SMM data and analysed using Yohkoh/SXT observations (Švestka et al., 1995) included some cases of erupting transequatorial loop (TEL), and provided possible evidence for large-scale coronal restructuring associated with CMEs.
Are large-scale connections, such as TELs, involved in a CME provide evidence for the large-scale nature of CMEs? Or are they simply get involved through an inevitable interaction of the CME with its surroundings?
The first and still one of the best-documented CME-TEL interactions was described by Manoharan et al. (1996) . On 25 October 1994 an expanding soft X-ray (Yohkoh/SXT data) sigmoid was seen close to the equator in the Southern Hemisphere, associated with a long-duration flare event (LDE). The expansion was accompanied by a series of radio bursts (NRT data), which closely followed the loop expansion both in time and space. Simultaneously with the nonthermal radio bursts, the appearance of two remote X-ray brightenings was seen in opposite hemispheres, followed by the formation of two coronal holes above those weak (quiet) Fig. 6 . From Manoharan et al. (1996) showing the consequences of interaction between a CME and overlying TELs on 25 October 1994: formation of X-ray brightenings (RXBs, left panel) followed by the appearance of coronal dimmings (CHs) at the same location. Extensive loop formation between the flaring AR and the edge of the dimming regions (Yohkoh SXT data) was also observed. magnetic regions of opposite polarity (Fig. 6 ). During the six hour long gradual phase of the flare, new X-ray loop connections developed among the AR and the remote quiet regions. These series of events were interpreted as signatures of a large-scale reconnection process between the erupting core field and overlying trans-equatorial loops connecting quietSun regions. However, not all the erupting field reconnected. The most external part of the overlying large-scale fields was pushed out (forced to expand) into the solar wind by the expanding twisted loops, leading to the formation of the coronal holes.
In other cases TELs, rooted close to the initiation site of the CME (as opposed to lying over the initiation site), were observed to disappear. Khan and Hudson (2000) described a series of eruption and re-formation of SXR trans-equatorial loops associated with the CME-prolific NOAA AR 8210 during May 1998. At least four such events happened: on 2, 6, 8, and 9 May. They linked the eruption of the trans-equatorial loops to the occurrence of CMEs having larger angular scales than that of their associated flares. In these events the erupting loop systems became part of the associated CMEs. These events were also associated with major flares and with global travelling emission visible in soft X-rays and type II radio bursts. Similar conclusions were reached by Pohjolainen et al. (2001 Pohjolainen et al. ( , 2005 . Fig. 4) . Glover et al. (2003) investigated a sample of 18 TELs and found that 10 (thus only about half) were associated with flaring and CME onset originating from the AR to which they were connected. They found a variety of different signatures, including the formation of a bright hot (SXR) cusp interconnecting ARs with dimming gradually spreading along some TELs (cf. Fig. 7 ). This observation provides support for the scenario that CMEs are locally initiated, and during their development they expand to involve other large-scale magnetic structures. (2003) showing how low-coronal dimming evolves and spreads due to the involvement of a transequatorial loop system (TEL) in the CME process on 29 May 1998. EIT 195Å difference images show that a dimming appears first around the flaring AR in the north, then gradually spreads along the TEL while its distant footpoint brightens and an SXR cusp appears above the TEL, suggestive of the post-"opening" reconnection process. Flaring behaviour of a TEL has also been found by Harra et al. (2005) .
The cause of TEL eruption was clear in the case shown by Manoharan et al. (1996) since there it was initiated by CME eruption from under the TEL. However, how is the TEL eruption initiated in the case where the TEL is rooted in the vicinity of the AR where a CME is initiated? Delannée and Aulanier (1999) analyse the large-scale magnetic topology on 3 November 1997 around the CMEprolific AR 8100 which was connected by TELs to AR 8102. They find a so-called bald-patch magnetic topology in the vicinity of the initiation site AR81000 (i.e. field aligned tangent to the photosphere). They observe the fast "opening" of the TELs, which was evidenced by coronal dimming around their foot-points. They propose that this "opening" was driven by low-lying sheared field lines overlying the baldpatch as TELs were liberated from line-tying by the baldpatch reconnection.
An interesting aspect of CME-TEL relationship was described by Harra et al. (2007a) and Wang et al. (2007) : CMEs can actually form TELs, not only disrupt them. In the period 3-7 November 2004 several CMEs were initiated in the complex AR10696, which through magnetic reconnection with "open" field lines of a coronal hole (CH) situated in the opposite hemisphere, formed and re-formed an impressive system of TELs. In summary, the eruption of large-scale loops can indeed contribute significantly to making CMEs large-scale in the low corona: they lead to remote brightenings, non-thermal radio bursts and coronal dimming extending well beyond the vicinity of the AR. However, the eruption of TELs alone cannot explain the so-called "global CMEs" described e.g. by Zhukov and Veselovsky (2007) and their associated widespread diffuse dimmings (cf. Fig. 1 ).
Importance of the large-scale magnetic topology
The introduction of the analysis of the large-scale magnetic topology was an important step in understanding how CMEs become large-scale in the lower corona. In a pioneering study Delannée and Aulanier (1999) linked the formation of largescale dimming to reconnection (in a bald-patch topology, as already described in Sect. 4.1). More recently, Delannée et al. (2007) linked dimmings and distant stationary brightenings to the locations of separatrices and quasi-separatrix layers (QSLs) in the large-scale topology (see Fig. 8 ). They also linked EIT and Moreton waves to Joule heating resulting from the generation of electric currents in the vicinity of separatrices and QSLs, while the magnetic field lines are "opening" during a CME. In another recent work by Zhang et al. (2007) , the large-scale topology was investigated in four large-scale CME events (14 July 2000 , 28 October 2003 , 7 November 2004 , and 15 January 2005 . They found that each CME event involved interaction of more than ten sets of magnetic-loop systems, covering a wide range of solar longitudes and latitudes. A saddle-field configuration (i.e. the magnetic configuration in the vicinity of a null point) was found to be present for all these four major CME events. The authors conclude that interaction of multiple flux-loop systems is required for a major CME.
An interesting work by Wen et al. (2006) links large-scale magnetic topology to observation of radio bursts. They show that non-thermal radio bursts (understood to be signatures of reconnection in the region of separatrices) appear in phase with, and at the same location as, the dimming regions and spread over the solar disc with velocity ≈300-400 km s −1 in 17±2 min (though individual bursts shift with v≈700-1000 km s −1 ). The authors propose that these "topology waves" represent successive topology changes from closed to "open" field configurations.
However, it is not clear in all these papers how exactly the QSLs and multiple loop systems contribute to the large-scale expansion involved in these large-scale CMEs.
Role of magnetic reconnection
Monique Pick and co-authors starting as early as 1998, introduced the idea that CMEs become large-scale in the low corona due to magnetic reconnection between adjacent magnetic systems. Based on multi-wavelength, prominently metric radio, data of the 9 July 1996 CME event concluded: "The analysis of the time sequence of the radio continuum reveals the existence of distinct phases associated with distinct reconnection processes and magnetic restructuring of the corona." The excellent spatial association found between the position and extension of the radio sources and the angular extent of the associated (limb) CME seen by LASCO (Fig. 3) was an important further step (Maia et al., 1999) . Another clue came from the analysis of on-disc CMEs, linking non-thermal radio burst locations to the subsequent development of dimming regions (Fig. 4, Pohjolainen et al., 2001 ). Since then, the explanation of the observed wide-spread radio activity due to loop-loop interactions, resulting in coronal re-structuring in a multipolar magnetic field, and ultimately formation of a largescale CME, featured in many works by the Meudon group (see references within Pick et al., 2006) .
There are many CMEs which, in the outer corona, are laterally far offset from the initiation (flare) site (Harrison, 1986) . , revisited the streamerpuff CME analysed by Bemporad et al. (2005) , showing how CMEs can be produced by the blowout of a large quasipotential arch by a compact eruption occurring at one of the legs of the arch through magnetic reconnections between adjacent magnetic arcades (Fig. 9) . The authors apply this reconnection scenario to several cases of published trans-equatorial CMEs produced in tandem with an ejective flare or filament eruption that was far offset from directly under the CME. This work shows how a large-scale CME can originate from a small source region and how it becomes large-scale through reconnection with a neighbouring active region. They emphasise the role of overlying streamer magnetic fields and neighbouring arcades.
Breakout -possibility for chain-reconnection
A very interesting double CME event on 15 July 2004 was analysed by Gary and Moore (2004) and Harra et al. (2005) , which was interpreted to be due to both central and lateral break-out occurring successively. In the case of a lateral break-out, the sheared core field is located in one of the side lobes (as opposed to being in the centre as in Fig. 5) . AR 10030 had a quadrupolar magnetic configuration, which contained two filament channels (i.e. highly sheared core fields): one in the center and another in one of the side-lobes. First, a quadrupolar reconnection (manifested by a confined quadrupolar flare) removed confining magnetic field lines above the central filament, which erupted. The relaxation reconnection, in turn, weakened field lines stabilising the highly sheared filament in the side lobe, which then erupted, producing a second CME.
The above scenario illustrates the potential of the breakout mechanism in leading to "sympathetic" eruptions.
Reconnection with coronal holes
Coronal holes are another type of magnetic structure that, upon interaction and reconnection with a CME can dramatically alter the global topology of the CME. Since coronal holes are very frequently present in the vicinity of CME initiation sites (85-95%, see Hewish and Bravo, 1986; Bravo, 1995; Bravo et al., 1999) , this type of interaction should be a frequent signature of large-scale CMEs. A striking case (13 November 1994 CME) was presented by Hudson et al. (1996) , who found CME-related disturbances near the boundaries of both(!) polar coronal holes. In the 17 January 2005 CME Veronig et al. (2006) found that interaction between CME and a coronal hole depended on the orientation of the polar CH boundary relative to the direction of CME expansion.
Other well-observed examples include the 12 May 1997 (Attrill et al., 2006; Crooker and Webb, 2006) and the 6-7 November 2004 CME events , when long-lasting magnetic reconnection was observed between the expanding CME and magnetic fields of a neighbouring coronal hole. Another more recent example, using STEREO/EUVI data highlights interaction with a low latitude disk coronal hole. In this example, reconnection in the upper corona between the expanding CME and the "open" coronal hole magnetic field hinders the lateral expansion of a limb CME across the solar disk . showing how a compact eruption (indicated by an arrow in the upper panel) occurring close to a streamer's base, through magnetic reconnection with an adjacent magnetic arcade, leads to a laterally more extended CME and the appearance of remote coronal dimming. In the middle panel magnetic polarities are indicated by red and blue contours, supporting the reconnection scenario (SOHO/EIT images and MDI magnetic data).
Reconnection between closed magnetic loops and field lines extended ("open") into the interplanetary space was named "interchange reconnection" by Crooker et al. (2002) , who proposed this mechanism to be at work disconnecting CME field lines from the Sun. As shown by Attrill et al. (2006) , Crooker and Webb (2006) and Harra et al. (2007a) , disconnection indeed happens when a CME interacts with coronal hole as evidenced by uni-directional streaming of electrons measured in situ in the associated magnetic cloud.
Reconnection with the magnetic carpet
We have discussed the interaction of CMEs with large-scale magnetic structures such as TELs and coronal holes, but Fig. 10 . Cartoon illustrating the magnetic reconnection between CME and the magnetic carpet proposed by Attrill et al. (2007a) . The expanding CME (dotted line) reconnects with favourably oriented quiet-Sun magnetic loops (dashed lines), displacing the footpoints of the expanding CME (solid line). The crosses mark regions where magnetic reconnection occurs. The dotted/dashed lines show the pre-eruption magnetic structures, the black (gray) solid lines show the result of the first (subsequent) reconnections. This model provides a new explanation for the so-called "EIT-wave" phenomenon (its diffuse variety) and also explains the formation of wide-spread shallow dimming behind the wave front.
CMEs may also occur in a quiet Sun environment, like the famous CME of 12 May 1997. In such a case, many of the possibilities discussed above for enabling the CME to become large-scale do not exist! Solar magnetic fields are ubiquitous, and all over the quiet Sun the magnetic carpet consists of randomly oriented loops of different lengths and heights. In such an environment, an expanding CME must come into contact with quiet-sun loops, some of which must be expected to be favourably oriented for magnetic reconnection to occur.
A new CME evolution model discussed in Attrill et al. (2007a) considers the case where the expanding magnetic "bubble" of a CME reconnects with surrounding small-scale magnetic loops over the quiet Sun (i.e. with randomly oriented loops of different lengths and heights, as reported by Feldman et al., 1999) . The reconnections lead to smallscale flare-like events and a gradual "stepping-out" of magnetic field lines originally rooted in a small source region on the Sun (Figs. 10 and 12) . Such a process naturally generates a diffuse expanding bright front (known as a coronal or EIT "wave") due to the small flare-like events. Widespread coronal dimming also manifests behind the expanding diffuse bright front, since field lines rooted in the quiet Sun are successively "opened" by the reconnections to become constituents of the CME. The successive reconnections are driven by the expansion of the CME core (which is defined by the CME's over-pressure relative to its surroundings). Therefore, this model naturally and intrinsically implies that the extent of the diffuse coronal dimming matches the angular extent of the CME .
We would like to note that such a coronal EIT "wave" created by successive reconnection events does not exclude, and in fact can co-exist with an MHD shock wave formed by a fast expanding CME front (Pomoell et al., 2008) , or a flare-induced blast wave (see e.g. Fig. 2 in Thompson et al., 2000b) . These MHD shock waves can be identified as Moreton waves and have Type II radio burst signatures. EIT waves generated by these two different mechanisms are probably not exactly co-spatial, but since both the shock and successive reconnections are induced by the fast-expanding CME, their lower-coronal signatures should be relatively close in space. Veronig et al. (2006) has indeed observed one event (17 January 2005 CME) when the EIT wave front was about 50 Mm ahead but roughly cospatial with the observed Moreton wave.
Angular width of CMEs

What determines the CME's angular width?
Recently argued that the final angular width of a CME can be directly related to the flaring source region. showed, for three very different CME events (a streamer-puff, a filament eruption and from a complex and strong magnetic field active region), that the CME's final angular width in the outer corona, θ CME , can be reasonably well estimated from the average magnetic field strength, B Flare , and the equivalent angular width, θ Flare , of the source-region flare arcade:
where B * is the field strength given by radial extrapolation of the radial field in the outer corona down to the surface of the Sun (B * is estimated to be ≈1.4 G). This equation results from the pressure balance and flux conservation between the erupting CME and the surrounding open magnetic field in the outer corona. Since a low-β plasma is assumed in the model, the dominant pressure is magnetic. provide a strong observationally supported argument for the "initiation site", or the region where the flare arcade is forming, being responsible for the width of the CME as opposed to the opinion of Wang et al. (2007) and Zhang et al. (2007) cited in Sect. 3.
Synthesis -large-scale and small-scale together
A challenging test of Attrill and co-worker's (2007a, b) CME evolution model was made by applying it to 28 October 2003 X17 flare-halo CME event (Mandrini et al., 2007) . As described in Sect. 4.6, the essence of this model is that the expanding CME's field lines reconnect with field lines of surrounding magnetic structures, which may include favorably oriented loops of the magnetic carpet, quiet Sun, magnetic arcades, and active regions, depending on the surrounding magnetic environment. The reconnections form new closed loops, effectively transferring the foot-points of the outermost field lines of the CME outward, away from the original initiation site. Thus making magnetic structures over an extended area constituents of the CME. From Moore et al. (2007) showing how the CMEs final angular width (θ CME ) in the outer corona can be reasonably well estimated from the amount of magnetic flux covered by the sourceregion flare arcade due to the pressure balance of the CME with the surrounding magnetic field.
In the complex case of the 28 October 2003 CME this model allows us to understand the formation of more than 30 dimming regions created during this event (Fig. 12) . There is also a coronal EIT "wave" associated with this event, most readily identified in the few patches of quiet Sun between the many different active regions and coronal holes on the solar disk. The strong lateral expansion in this case drives reconnections with the surrounding quiet Sun and larger-scale arcades, so the CME becomes large-scale, even in the low corona, as evidenced by the large spatial extent of the CMEassociated dimmings and the near-global extent of the coronal EIT "wave" bright front.
5.3 Caveat: in general, CMEs are large-scale, but not all It is a paradigm in solar physics that "CMEs are large-scale events". However, it is not always the case, and in fact the majority of CMEs belong to the narrow CME category (e.g. Robbrecht, 2007) and are not observed to become large-scale in the lower corona. For example, CME source regions can be as small as an EUV bright point! Evidence for this is presented by Mandrini et al. (2005) , of the smallest CME and magnetic cloud source region identified to date.
What makes the difference between a large-scale and narrow CME? It will depend to a large extent on the magnetic over-pressure which may be determined by the strength of the magnetic field region of the counterpart flare . Events with a high core pressure compared to -c) depicting the lower-coronal evolution of this CME. The cause of formation of a large number of coronal dimming regions is explained by the progression of subsequent reconnections between the expanding CME and various magnetic structures including the magnetic carpet, ARs and a magnetic arcade straddling a filament.
that of the surrounding magnetic environment are expected to expand more strongly in the lateral (as opposed to purely radial) direction. These CMEs are thus more likely to drive interactions with the low-coronal magnetic environment and are expected to generate lower-coronal disturbances including EIT coronal "waves" and dimming signatures that reach further away (e.g. on 28 October 2003), than events with a lower ratio of core to surrounding field pressure which will have a smaller cone-angle and will be less extended. The coronal "wave" will naturally stop when the internal pressure is no longer large enough to drive the reconnections, which effectively make the CME field lines step out of the vicinity of the initiation site.
Conclusions
We have reviewed ideas and observational results pro and contra the two conflicting views:
(i) CMEs are intrinsically non-local so that their energy supply, initiation and angular width all originate from a largescale region.
(ii) CMEs are locally initiated, and later on, during their development, they involve large-scale magnetic structures.
We found little credible observational evidence for (i) while finding much corroborating supporting evidence for (ii). Furthermore, a very recent development in CME studies, is that we now have an increasingly clear picture of how (ii) happens.
The picture we find credible is as follows: CMEs are expanding magnetic structures, whose final angular scale depends on the magnetic over-pressure in the CME (i.e. pressure difference between the CME and its surroundings), which is in turn defined by the physical conditions like magnetic shear and free energy in the CME core source region. In this sense, the final angular width of a CME is pre-defined by nature as a result of the factors discussed above. However, we conclude that CMEs become large-scale in the low corona, spanning the angular width of the CME, through interaction/reconnection with other surrounding favourably oriented magnetic structures.
This interaction (reconnection) works on different spatial scales including the -magnetic carpet -large-scale arcades over filament channel -other active regions -multi-polar systems enveloped by a streamer -"open" magnetic field of coronal holes.
Consequence: CMEs become large-scale in the low corona through nurture. They develop to such large-scales as some of the field lines originally rooted in the flaring source region step out by successive reconnections over as wide an area as the balance between internal and external pressure allows the departing CME to expand in a lateral direction. This creates wide-spread brightenings, identified as the bright front of diffuse coronal EIT "waves", accompanied by non-thermal radio bursts, followed by dimmings. Through this process, structures over a large-scale magnetic area become CME constituents. Since magnetic reconnection between the CME and surrounding magnetic structures conserve magnetic flux, these external constituents of the CME are not expected to increase its magnetic flux (except for the overlying loops, which are forced to expand). The wide-spread coronal dimming, however, suggests that these constituents supply some mass to the CME.
